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BACKGROUND. CT guidance may be used for biopsy of indeterminate bone lesions 
detected by MRI or PET/CT that are not visible (i.e., occult) on CT owing to equipment-, 
patient-, and operator-related factors.

OBJECTIVE. The purpose of this study was to assess diagnostic yield (DY) and diag-
nostic performance of CT-guided core needle biopsy (CNB) of occult nonspinal bone le-
sions and to identify the most common benign and malignant diagnoses for occult le-
sions undergoing CNB.

METHODS. This retrospective study included 1033 adult patients who underwent 
CT-guided nonspinal bone CNB between January 2004 and December 2020. Lesions were 
classified as occult or visible on CT; biopsies of occult lesions were performed by targeting 
anatomic landmarks using prebiopsy MRI or PET/CT. Pathologic results of CNB were classi-
fied as diagnostic or nondiagnostic to calculate DY of CNB. For nondiagnostic CNBs, final di-
agnoses were established by subsequent pathologic, clinical, and imaging follow-up.

RESULTS. The sample included 70 patients with occult lesions (mean age, 56.8 years; 
38 women, 32 men) and 963 patients with visible lesions (mean age, 59.6 years; 475 
women, 488 men). Malignancy rate was lower for occult than for visible lesions (42.9% 
vs 60.9%, p = .004). DY was lower for occult than for visible lesions (37.1% vs 76.9%, p < 
.001). Diagnostic performance for detecting malignancy on the basis of final diagnoses 
was lower for occult than for visible lesions in terms of sensitivity (76.7% vs 93.7%, p = 
.003), specificity (7.9% vs 56.5%, p < .001), and accuracy (38.2% vs 80.0%, p < .001). Final 
diagnoses among malignant occult and visible lesions included metastasis (frequencies 
of 63.3% vs 65.4%), leukemia/lymphoma (33.3% vs 11.6%), and myeloma (3.3% vs 10.4%); 
final diagnoses among benign occult and visible lesions included red marrow (34.2% 
vs 8.2%), reactive marrow (26.3% vs 11.8%), and fracture (18.4% vs 3.8%). Occult lesions 
detected by MRI versus PET/CT had lower malignancy rate (39.3% vs 68.0%, p = .03) and 
lower DY (30.4% vs 60.0%, p = .01).

CONCLUSION. At CT-guided CNB, malignancy rate and DY are lower for occult than 
for visible lesions. Leukemia/lymphoma and red marrow are more common among oc-
cult than visible lesions.

CLINICAL IMPACT. Understanding these characteristics can help guide radiolo-
gists’, referring providers’, and patients’ expectations when CNB of occult bone lesions 
is requested and performed.
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CT-guided core needle biopsy (CNB) is a valuable tool in the diagnosis and manage-
ment of suspicious or indeterminate nonspinal bone lesions. Though surgical biopsy is 
considered the reference standard for diagnosis, image-guided CNB is preferred because 
of its lower complication rate, less invasive nature, lower cost, and shorter recovery times 
[1–4]. For experienced operators, CNB can decrease the need for surgical intervention and 
assist surgical planning [5–9]. The reported diagnostic yield (DY), defined as the number 
of diagnostic biopsies divided by the total number of biopsies, of CNB for visible bone le-
sions is well documented and ranges from 69% to 93% [2, 4, 10–22]. CNBs are more likely to 
be nondiagnostic in cases of osteomyelitis, small lesions, spinal lesions, benign and low-
grade neoplasms, lymphoma, and sclerotic lesions [1, 5, 10, 11, 13, 22–24].

Suspicious or indeterminate nonspinal bone lesions that are detected by MRI, PET/CT, or 
bone scintigraphy may appear occult on radiography and CT (hereafter, occult lesions) and, 
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therefore, may be difficult to target on CT-guided biopsy [25]. Al-
though MRI-compatible biopsy equipment is available, scanner 
availability, operator experience, and patient factors (e.g., pace-
maker, other implantable device, or claustrophobia) can limit its 
use [26–28]. PET/CT-guided biopsies are also constrained by avail-
ability, expertise, and increase in both procedure time and excess 
radiation exposure for the operator and support staff [29, 30]. Ra-
diologists experienced in CT-guided biopsies may prefer to in-
stead biopsy occult lesions under CT guidance using anatomic 
landmarks with respect to the prior imaging that showed the le-
sion. However, the DY of CT-guided biopsies of occult lesions is 
not well established, being evaluated by only a single study to our 
knowledge [25]; in that study, biopsy results were concordant with 
final histopathologic results in 90% of both occult and visible le-
sions. In addition, the spectrum of diagnoses that are likely to be 
encountered when biopsying lesions that are occult on CT is not 
well established. We therefore conducted this study to assess the 
DY and diagnostic performance of CT-guided CNB of occult non-
spinal bone lesions and to identify the most common benign and 
malignant diagnoses for occult lesions that undergo CNB.

Methods
Patient Selection

This retrospective study was HIPAA compliant and received in-
stitutional review board approval. The requirement for written in-
formed consent was waived. The study was conducted at a single 
tertiary academic center with a specialized orthopedic oncology 
service. The service maintains a prospective database of nonspi-
nal musculoskeletal biopsies performed in adults. This database 
was searched to identify consecutive patients who underwent 
CT-guided nonspinal CNB between January 2004 and December 
2020, yielding 1462 patients. Patients were then excluded if the 
CNB was nontargeted (e.g., a bone marrow aspiration) (n = 177) or 
did not target bone (e.g., biopsy of a soft-tissue lesion without os-
seous involvement) (n = 252). These exclusions resulted in a final 
study sample of 1033 patients. All biopsies of occult lesions were 
performed during follow-up after the lesions were detected on an 
earlier CT, MRI, PET/CT, or bone scintigraphy examination.

CT-Guided Core Needle Biopsy Technique
All CNBs were performed under CT fluoroscopy guidance by 

one of 18 fellowship-trained musculoskeletal radiologists with 
2–17 years of posttraining experience. A fellow in musculoskel-
etal imaging typically participated in the biopsy procedures. For 
lesions found to be occult on CT at the time of biopsy, the target 
location on CT was determined using anatomic landmarks with 
reference to the lesion’s location on the prebiopsy MRI and/or 
PET/CT examinations that detected the lesion. A 13- or 15-gauge 
bone biopsy system (Bonopty, AprioMed) or coaxial (11-gauge 
access needle, 13-gauge biopsy needle) battery-powered bone 
access system (OnControl, Vidacare) was used. A minimum of 
three cores were obtained to optimize DY (mean, 4.2 cores; max-
imum, eight cores) [31]. Spring-loaded soft-tissue needles may 
have been used to biopsy lesions with an extraosseous soft-tis-
sue component or very lytic lesions but not to biopsy occult le-
sions. For patients with clinically suspected osteomyelitis, addi-
tional samples were sent for microbiology analysis. All pathology 
specimens from the CNBs were reviewed by institutional muscu-
loskeletal pathologists.

Key Finding
	� At CT-guided CNB, occult, versus visible, lesions had a 

lower malignancy rate (42.9% vs 60.9%, p = .004) and 
lower DY (37.1% vs 76.9%, p < .001). Diagnoses more 
common among occult than visible lesions included 
leukemia/lymphoma (33.3% vs 11.6% of final malignant 
diagnoses) and red marrow (34.2% vs 8.2% of final 
benign diagnoses).

Importance
	� Knowledge of expected outcomes of CNB of occult bone 

lesions can help triage biopsy requests and guide 
expectations for the radiologist, referring provider, and 
patient.

HIGHLIGHTS

Adult patients who underwent nonspinal
core needle biopsy between January 2004

and December 2020 (n = 1462)

Targeted bone core needle biopsies
(n = 1033)

Flagged for review
(n = 8)

Indeterminate
(n = 37)

Benign
(n = 340)

Malignant
(n = 586)

Indeterminate
(n = 2)

Benign
(n = 38)

Malignant
(n = 30)

Relabeled as visible
(n = 6)

Soft-tissue biopsies (n = 252)

Nontargeted biopsies (n = 177)

Labeled visible (n = 957)

Final visible (n = 963)

Labeled occult (n = 76)

Final occult (n = 70)

Fig. 1—Flowchart shows selection of patients who 
underwent CT-guided core needle biopsies.
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Retrospective Review of Occult Lesions
At the time of biopsy, the radiologist performing the biopsy 

documented in the database whether the targeted lesion was 
occult, sclerotic, lytic, or mixed. On the basis of the documented 
classification, the targeted lesions were classified as occult or visi-
ble (encompassing sclerotic, lytic, or mixed). For lesions classified 
in the database as occult, two musculoskeletal radiologists (J.S.W. 
and W.K., with 17 and 5 years of posttraining experience, respec-
tively) independently reviewed the CT images obtained during 
the biopsy procedures to confirm that the lesion was occult and 
to assess the accuracy of biopsy targeting. During this review, a 
lesion was considered occult if visible cortical changes, perios-
teal reaction, or internal matrix different from the adjacent mar-
row was absent on CT. No explicit criteria were used for assess-
ing accuracy of biopsy targeting. Any differences between the 
two radiologists were resolved by discussion. If a lesion that was 
originally documented in the database as occult was instead con-
sidered visible at the time of this retrospective review, then the 
lesion was classified as visible for all remaining analyses.

Data Collection
Patient age at the time of biopsy, patient sex, known history of 

malignancy, lesion location (classified as central [nonextremity, 
such as sacrum] vs peripheral [extremity, such as humerus, femur, 
or more distal bones]), and specific bone biopsied were recorded 
for all lesions. For occult lesions, the prior imaging modality that 
detected the lesion (MRI and/or PET/CT) was recorded. One of 
the previously noted investigators (J.S.W.) reviewed all available 
clinical notes, pathology reports, and surgical reports to classify 
each CNB as diagnostic or nondiagnostic. The CNB was consid-
ered diagnostic if the sample tissue revealed a distinct patholog-

ic diagnosis that was consistent with the imaging and clinical di-
agnosis, corresponding to the definition of diagnostic biopsy in 
numerous earlier studies [18, 24, 31–34]. If a definitive diagnosis 
was not attained by pathology from the CNB, then the CNB was 
considered nondiagnostic. All CNBs with malignant results were 
considered diagnostic. CNBs with nonmalignant benign neoplas-
tic results (e.g., fibrous dysplasia, giant cell tumor of bone, or en-
chondroma) were also considered diagnostic. Other nonmalig-
nant results were classified as diagnostic or nondiagnostic on a 
case-by-case basis depending on the nature of the pathology re-
port (i.e., if the pathology report characterized the diagnosis as 
definitive) and the correlation of the diagnosis with the imaging 
and clinical findings.

For nondiagnostic biopsies, the previously noted investigator 
(J.S.W.) reviewed all available subsequent clinical notes and re-
sults of subsequent biopsies and imaging examinations to de-
termine a final diagnosis for the lesion. The follow-up interval 
was defined as the time between the CNB and the last available 
subsequent biopsy, clinical note, or imaging examination. A final 
malignant diagnosis could be recorded on the basis of any sub-
sequent pathologic results regardless of the follow-up interval. 
After a nondiagnostic biopsy, a final benign diagnosis of red mar-
row, reactive marrow, stress fracture, or osteomyelitis typically re-
quired a follow-up interval of 12 months but could be established 
earlier with supporting clinical and/or imaging evidence (e.g., de-
crease in size or resolution of the lesion). Although any available 
microbiology culture results were reviewed, a positive culture re-
sult was not required to establish a final diagnosis of osteomyeli-
tis. The final diagnosis was classified as indeterminate in patients 
who were lost to follow-up (i.e., an available follow-up interval of 
<  12 months) before establishment of a final diagnosis.

TABLE 1:  Summary of Patient Characteristics

Characteristic Occult Lesions (n = 70) Visible Lesions (n = 963) pa

Age (y), mean ± SD 56.8 ± 17.3 59.6 ± 16.4 .69

Sex .93

Female 38 (54.3) 475 (49.3)

Male 32 (45.7) 488 (50.7)

Known history of malignancy 41 (58.6) 403 (41.8) .008

Note—Unless otherwise indicated, data represent number of patients with percentage in parentheses.
aBold value is statistically significant (p < .05).

TABLE 2:  Summary of Malignancy Rates and Measures of Diagnostic Performance

Characteristic Occult Lesions Visible Lesions pa

Malignancy rate 42.9 (30/70) 60.9 (586/963) .004

Diagnostic yield 37.1 (26/70) 76.9 (741/963) < .001

Detection of malignancy

Sensitivity 76.7 (23/30) 93.7 (549/586) .003

Specificity 7.9 (3/38) 56.5 (192/340) < .001

Accuracy 38.2 (26/68) 80.0 (741/926) < .001

Note—Data represent percentage with numerator and denominator in parentheses. Patients with indeterminate lesions are included in derivation of malignancy rate 
and diagnostic yield but not in derivation of sensitivity, specificity, and accuracy.

aBold values are statistically significant (p < .05).
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A

Fig. 2—48-year-old woman with history of breast cancer who presented with left thigh pain.
A, Whole-body bone scintigraphy shows increased radiotracer uptake (arrowhead) in left femoral mid 
diaphysis.
B, Lateral radiograph of distal femur does not show correlative abnormality.
C, Sagittal STIR MR image shows correlative hyperintense lesion (arrow) at femoral mid diaphysis. CT-guided 
core needle biopsy was requested. Lesion was occult on CT at time of biopsy.
D, Axial CT image from core needle biopsy shows biopsy needle in lesion, which was targeted according to 
anatomic landmarks with respect to prior imaging. Biopsy revealed breast carcinoma metastasis and was 
considered diagnostic.

CB

D

D
ow

nl
oa

de
d 

fr
om

 a
jr

on
lin

e.
or

g 
by

 8
8.

24
.2

06
.4

7 
on

 0
8/

07
/2

4 
fr

om
 I

P 
ad

dr
es

s 
88

.2
4.

20
6.

47
. C

op
yr

ig
ht

 A
R

R
S.

 F
or

 p
er

so
na

l u
se

 o
nl

y;
 a

ll 
ri

gh
ts

 r
es

er
ve

d 



K i m  e t  a l .

108	 AJR:220, January 2023

Post Hoc Assessment of Lesions With a Final Diagnosis of 
Red Marrow

After completion of the initial data analysis, the other previous-
ly noted investigator (W.K.) performed a post hoc assessment of 
all lesions with a final diagnosis of red marrow. The investigator 
reviewed any available prebiopsy in- and opposed-phase MRI se-
quence of the lesion to characterize that sequence’s impact on the 
evaluation of the lesion. Findings were summarized descriptively.

Statistical Analysis
Mean patient age was compared between occult and visible 

lesions using a t test. Patients’ sex and known history of malig-
nancy were compared between occult and visible lesions using 
the Fisher exact test. The frequency of a final malignant diag-
nosis was compared between occult and visible lesions and be-
tween patients with and without a known malignancy in both 
occult and visible lesion groups using the Fisher exact test. The 
DY was calculated as the ratio of diagnostic CNBs (regardless 
of whether the final diagnosis was benign or malignant) to the 
total number of CNBs. The sensitivity, specificity, and accura-
cy of CNB in detecting malignancy were determined. For this 
purpose, true-positives were defined as lesions with a malig-
nant final diagnosis and a diagnostic CNB with a malignant re-
sult, true-negatives as lesions with a benign final diagnosis and 
a diagnostic CNB with a benign result, false-positives as lesions 
with a benign final diagnosis and a nondiagnostic CNB, and 
false-negatives as lesions with a malignant final diagnosis and 
a nondiagnostic CNB. The DY, sensitivity, specificity, and accura-

cy were compared between occult and visible lesions using the 
Fisher exact test. The most common malignant and benign final 
diagnoses for occult and visible lesions were tabulated, strat-
ified according to whether lesions were diagnosed by the ini-
tial CNB or during follow-up. The distribution of lesion locations 
(central vs peripheral) and specific bones biopsied as well as the 
DY stratified by location and specific bone biopsied were sum-
marized for occult and visible lesions; the distributions and DY 
were compared between occult and visible lesions stratified by 
peripheral and central location using the Fisher exact test. For 
occult lesions, the malignancy rate and DY were compared be-
tween lesions visible only on MRI and those visible only on PET/
CT using the Fisher exact test. Lesions that were considered in-
determinate because patients were lost to follow-up were in-
cluded in assessments of malignancy rates and DY but excluded 
from determinations of sensitivity, specificity, and most com-
mon benign diagnoses. The significance level for all compari-
sons was set at p < .05. Statistical analysis was performed using 
Stata (version 13.1, StataCorp).

Results
Retrospective Review of Occult Lesions

Of the 1033 included patients who underwent CNB, 76 had le-
sions that were documented as occult in the database. At retro-
spective review of these 76 lesions, eight were deemed visible by 
at least one of the two radiologists. After discussion, six lesions 
were reclassified as visible for further analyses, and two lesions 
remained classified as occult. Thus, after the retrospective review, 

TABLE 3:  Summary of Distributions of Lesion Locations and Bones Involved

Location Occult Lesions (n = 70) Visible Lesions (n = 963) pa

Central 25 (35.7) 554 (57.5) < .001

Clavicle 1 (1.4) 24 (2.5)

Iliac bone 19 (27.1) 324 (33.6)

Ischium 0 (0.0) 21 (2.2)

Pubic bone 0 (0.0) 20 (2.1)

Rib 2 (2.9) 49 (5.1)

Sacrum 1 (1.4) 46 (4.8)

Scapula 0 (0.0) 33 (3.4)

Sternum 2 (2.9) 37 (3.8)

Peripheral 45 (64.3) 409 (42.5) < .001

Femur 27 (38.6) 177 (18.4)

Fibula 0 (0.0) 14 (1.5)

Foot 0 (0.0) 14 (1.5)

Hand 0 (0.0) 4 (0.4)

Humerus 14 (20.0) 84 (8.7)

Patella 0 (0.0) 4 (0.4)

Radius 0 (0.0) 5 (0.5)

Tibia 4 (5.7) 97 (10.1)

Ulna 0 (0.0) 10 (1.0)

Note—Data are expressed as number of patients with percentage in parentheses.
aBold values are statistically significant (p < .05).
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6.8% (70/1033) of lesions were considered occult on CT, and the 
remaining 93.2% (963/1033) of lesions were considered visible 
on CT. Neither investigator considered any occult lesion to have 
been missed by the CT-guided CNB.

Patient Characteristics
Figure 1 shows the flow of patient selection, and Table 1 summa-

rizes patient characteristics. Of the 963 patients with visible lesions, 
the mean age was 59.6 ± 16.4 (SD) years (range, 18–95 years); 49.3% 
(475/963) were women, and 50.7% (488/963) were men. Of the 70 
patients with occult lesions, the mean age was 56.8 ± 17.3 years 

(range, 21–88 years); 54.3% (38/70) were women, and 45.7% (32/70) 
were men. Age and sex were not significantly different between 
patients with occult and visible lesions (both p > .05). A known his-
tory of malignancy was more common in patients with occult le-
sions than in those with visible lesions (58.6% vs 41.8%, p = .008).

Summary of Final Diagnoses
CNB was diagnostic in 26 of the 70 occult lesions. Of the 26 oc-

cult lesions that were diagnostic on CNB, 23 were malignant, and 
three were benign. Of the 44 occult lesions that were nondiag-
nostic on CNB, the mean follow-up interval was 6.7 years (range, 

A
Fig. 3—60-year-old man without history of malignancy who presented with back pain.
A, Coronal T2-weighted fat-suppressed MR image shows hyperintense left sacral lesion (arrow).
B, Axial T1-weighted MR image shows hypointensity of lesion (arrow). CT-guided core needle biopsy was requested. Lesion was occult on CT at time of biopsy.
C, Axial CT image from core needle biopsy shows biopsy needle in lesion, which was targeted according to anatomic landmarks with respect to prior imaging. Biopsy 
revealed T-cell lymphoma and was considered diagnostic.

CB

TABLE 4:  Diagnostic Yield, Stratified by Lesion Location and Bone Involved

Location Occult Lesions Visible Lesions pa

Central 48.0 (12/25) 80.5 (446/554) < .001

Clavicle 0.0 (0/1) 66.7 (16/24)

Iliac bone 52.6 (10/19) 82.1 (266/324)

Ischium — 81.0 (17/21)

Pubic bone — 85.0 (17/20)

Rib 0.0 (0/2) 77.6 (38/49)

Sacrum 100.0 (1/1) 78.3 (36/46)

Scapula — 84.8 (28/33)

Sternum 50.0 (1/2) 75.7 (28/37)

Peripheral 31.1 (14/45) 72.1 (295/409) < .001

Femur 37.0 (10/27) 75.7 (134/177)

Fibula — 57.1 (8/14)

Foot — 57.1 (8/14)

Hand — 50.0 (2/4)

Humerus 21.4 (3/14) 72.6 (61/84)

Patella — 100.0 (4/4)

Radius — 80.0 (4/5)

Tibia 25.0 (1/4) 71.1 (69/97)

Ulna — 50.0 (5/10)

Note—Data are expressed as percentage with numerator and denominator in parentheses. Dash (—) indicates diagnostic yield could not be computed because no 
biopsies targeted the listed bone.

aBold values are statistically significant (p < .05).
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0.7–15.5 years); the final diagnosis was malignant in seven, benign 
in 35, and indeterminate in two. Thus, when considering results 
from the initial CNB and from the follow-up intervals were con-
sidered, the occult lesions comprised 30 malignant lesions, 38 be-
nign lesions, and two indeterminate lesions.

CNB was diagnostic in 741 of the 963 visible lesions. Of the 741 
visible lesions that were diagnostic on CNB, 549 were malignant 
and 192 were benign. For the 222 visible lesions that were non-
diagnostic on CNB, the mean follow-up interval was 7.5 years 
(range, 0.4–16.4 years); the final diagnosis was malignant in 37, 
benign in 148, and indeterminate in 37. Thus, when results from 
the initial CNB and from the follow-up interval were considered, 
the visible lesions comprised 586 malignant lesions, 340 benign 
lesions, and 37 indeterminate lesions.

The frequency of a final malignant diagnosis (whether attained 
from the initial CNB or from the subsequent follow-up) was signifi-
cantly lower for occult than for visible lesions (42.9% vs 60.9%, p = 

.004). A final malignant diagnosis was significantly more common 
in patients with than in those without a known history of malig-
nancy for both occult (53.7% [22/41] vs 27.6% [8/29], p = .049) and 
visible (78.9% [318/403] vs 47.5% [266/560], p < .001) lesions.

Diagnostic Performance
Table 2 summarizes diagnostic performance. The DY was sig-

nificantly lower for occult (37.1% [26/70]) than for visible (76.9% 
[741/963]) lesions (p < .001). Diagnostic performance measures 
for detecting malignancy on the basis of final diagnoses were sig-
nificantly lower for occult than for visible lesions in terms of sen-
sitivity (76.7% vs 93.7%, p = .003), specificity (7.9% vs 56.5%, p < 
.001), and accuracy (38.2% vs 80.0%, p < .001).

Most Common Final Diagnoses
The most common final diagnoses are summarized in Tables 

S1–S4 (available in the online supplement). All malignant occult 

A

C
Fig. 4—62-year-old woman with lymphoma and colon cancer who presented for oncology surveillance.
A, Axial image from FDG PET/CT shows increased FDG avidity (arrow) in proximal humerus. MRI was performed for further evaluation.
B, Sagittal T1-weighted MR image shows overall hypointensity of lesion (arrowhead), though mild hyperintensity relative to skeletal muscle, suggestive of red marrow. 
CT-guided core needle biopsy was requested, partly owing to patient anxiety and history of two malignancies. Lesion was occult on CT at time of biopsy.
C, Axial CT image from core needle biopsy shows biopsy needle in lesion, which was targeted according to anatomic landmarks with respect to prior imaging. 
Pathologic report described mildly hypercellular marrow with maturing trilineage hematopoiesis but no malignancy.
D, Axial fused image from FDG PET/CT performed 7 years after biopsy shows persistent uptake in lesion (arrow), appearing similar to baseline FDG PET/CT examination 
in A. Five FDG PET/CT examinations performed over course of 8 years after biopsy revealed no change in lesion. Final diagnosis was classified as red marrow given 
long-term stability.
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lesions were diagnosed as metastasis (63.3%), leukemia/lympho-
ma (33.3%), or myeloma (3.3%). In malignant occult lesions, diag-
noses by CNB were metastasis in 65.2%, leukemia/lymphoma in 
30.4%, and myeloma in 4.3%. In malignant occult lesions, diag-
noses by later follow-up were metastasis in 57.2% and leukemia/
lymphoma in 42.9%. Figure 2 shows an occult lesion with a final 
diagnosis of breast cancer metastasis, and Figure 3 shows an oc-
cult lesion with a final diagnosis of T-cell lymphoma.

The most common final diagnoses in malignant visible lesions 
were metastasis (65.4%), leukemia/lymphoma (11.6%), myeloma 
(10.4%), and primary sarcoma (10.4%). In malignant visible lesions, 
diagnoses by CNB were metastasis in 67.9%, leukemia/lymphoma 
in 10.7%, myeloma in 10.4%, and primary sarcoma in 9.8%. In ma-
lignant visible lesions, diagnoses by later follow-up were metas-
tasis in 29.7%, leukemia/lymphoma in 29.7%, primary sarcoma in 
27.0%, and myeloma in 5.4%.

The most common final diagnoses in benign occult lesions 
were red marrow (34.2%), reactive marrow (26.3%), stress fracture 
(18.4%), and osteomyelitis (13.2%). The three benign occult lesions 
diagnosed by CNB were osteonecrosis (n = 2) and osteomyelitis 
(n = 1). In benign occult lesions, diagnoses by later follow-up were 
red marrow in 37.2%, reactive marrow in 28.6%, stress fracture in 
20.0%, and osteomyelitis in 11.4%. Figure 4 shows an occult lesion 
with a final diagnosis of red marrow, and Figure 5 shows an occult 
lesion with a final diagnosis of stress fracture. In one occult lesion, 
the final diagnosis was osteoid osteoma; the nidus in this lesion did 
not become visible until follow-up CT performed 4 months after 
the CNB (Fig. S1, available in the online supplement).

The most common final diagnoses in benign visible lesions were 
reactive marrow (11.8%), osteomyelitis (11.5%), fibroosseous lesion 
(9.7%), red marrow (8.2%), and giant cell tumor (7.9%). Fracture was 
diagnosed in 3.8% of visible lesions. In benign visible lesions, di-
agnoses by CNB were giant cell tumor in 12.5%, osteomyelitis in 
12.0%, fibroosseous lesion in 10.9%, enchondroma in 8.3%, and re-

active marrow in 7.8%. In benign visible lesions, diagnoses by later 
follow-up were reactive marrow in 16.9%, red marrow in 12.8%, os-
teomyelitis in 10.8%, and fibroosseous lesion in 8.1%.

Microbiology cultures were obtained at the time of CNB be-
cause of clinically suspected osteomyelitis in 13 occult lesions, 
one of which was positive for infection, and in 170 visible lesions, 
22 of which were positive for infection.

Lesion Locations
Table 3 summarizes the distribution of lesion locations. A pe-

ripheral (rather than central) location was significantly more 
common for occult than visible lesions (64.3% vs 42.5%, p < .001). 
The most common locations for occult lesions were the femur 
(38.6%), iliac bone (27.1%), and humerus (20.0%), and for visible le-
sions were the iliac bone (33.6%), femur (18.4%), and tibia (10.1%).

Table 4 presents the DY, stratified by lesion location. The DY 
was significantly lower for occult than for visible lesions for both 
central (48.0% vs 80.5%, p < .001) and peripheral (31.1% vs 72.1%, 
p < .001) locations. Of sites with at least 10 occult lesions, the DY 
of occult lesions was 52.6% in the iliac bone, 37.0% in the femur, 
and 21.4% in the humerus.

Detection of Occult Lesions by Prior Imaging
Of the 70 occult lesions, 56 were detected by MRI, 25 by PET/

CT, and 11 by both modalities. The malignancy rate was significant-
ly lower for lesions detected only by MRI than for those detected 
only by PET/CT (39.3% [22/56] vs 68.0% [17/25], p = .03). The DY was 
significantly lower for lesions detected only by MRI than for those 
detected only by PET/CT (30.4% [17/56] vs 60.0% [15/25], p = .01).

Post Hoc Assessment of Lesions With a Final Diagnosis of 
Red Marrow

Post hoc assessment was performed for lesions with a final di-
agnosis of red marrow. A preoperative in- and opposed-phase 

A
Fig. 5—70-year-old man with history of Hodgkin lymphoma who presented with left hip pain.
A, Coronal T1-weighted MR image shows hypointense lesion (arrows) in left acetabulum. CT-guided core needle biopsy was requested. Lesion was occult on CT at time 
of biopsy.
B, Axial CT image from core needle biopsy shows biopsy needle in lesion, which was targeted according to anatomic landmarks with respect to prior imaging. Biopsy 
revealed cortical and woven bone with fibrosis but no malignancy.
C, Coronal T1-weighted image from MRI performed 5 years after biopsy shows improvement of acetabular lesion (arrow) and new stress fracture (arrowhead) in 
left femoral neck. Fixation hardware (star) is present in right femur for osteoporotic femoral neck fracture that occurred 2 years after biopsy. Final diagnosis of left 
acetabular lesion was classified as stress fracture.
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MRI sequence was available for one of the 13 occult lesions with 
a final diagnosis of red marrow. For that single lesion, the in- and 
opposed-phase sequence had been considered inconclusive at 
the time of clinical interpretation, contributing to the decision 
to perform CNB. A preoperative in- and opposed-phase MRI se-
quence was available for three of the 28 visible lesions with a fi-
nal diagnosis of red marrow. However, signal dropout could not 
be adequately assessed in any of these three lesions because of 
small lesion size (n = 2) and motion artifact (n = 1).

Discussion
In this study, we compared CT-guided CNBs performed in occult 

and visible nonspinal bone lesions. The DY as well as the sensitivity, 
specificity, and accuracy for malignancy were all significantly low-
er for CNBs of occult lesions than CNBs of visible lesions. Differenc-
es were observed in the spectrums of final diagnoses for the two 
groups of lesions. For example, occult lesions, in comparison with 
visible lesions, more commonly had a final malignant diagnosis of 
leukemia/lymphoma and a final benign diagnosis of red marrow. 
The malignancy rate and DY were both higher for occult lesions de-
tected only by PET/CT than those detected only by MRI. These find-
ings may provide useful information when considering whether to 
perform CNB of an occult lesion.

The results of the current study differ from the results of the 
study by Hillen et al. [25], which showed a DY of 90% for both 30 
occult lesions and 30 visible lesions. This discrepancy in results 
may relate to differences between studies in patient demograph-
ics, lesion composition, and definitions of a diagnostic biopsy. For 
example, in the Hillen et al. study, 87% of patients with occult le-
sions had a prior diagnosis of malignancy, compared with 58.6% 
of patients in the current study. In addition, 57% of occult lesions 
were diagnosed as metastases in their study, compared with 27%  
in the current study. Establishing a diagnosis by CNB is easier in 
malignant lesions, in particular for metastases, than in benign le-
sions [2, 18, 22]; thus, the high rate of metastases among occult 
lesions in the study by Hillen et al. would be expected to contrib-
ute to a higher DY. The occult lesions in the current study also in-
cluded a relatively high percentage of leukemia/lymphoma cas-
es, which can be difficult to diagnose by CNB, thus lowering DY 
[2, 10]. Another contributor to the low DY in the current study is 
the stringent definition of a diagnostic biopsy. CNBs were con-
sidered nondiagnostic unless a distinct pathologic diagnosis was 
provided in the pathology report that was consistent with the im-
aging and clinical diagnosis. Examples of pathologic results that 
were treated as diagnostic in the study by Hillen et al. include no 
abnormality, necrosis, normal hematopoietic cells, and no malig-
nancy; however, in the current study, these would have been clas-
sified as nondiagnostic on CNB and thus would have required ad-
equate follow-up for a final diagnosis [25].

In the current study, the malignancy rate was higher in visible 
than in occult lesions. By definition, occult lesions show no visi-
ble cortical injury or medullary change. Such processes are likely 
to represent indolent nonaggressive disorders. Nonetheless, an 
aggressive process will be occult early in its pathogenesis, be-
fore manifestation of visible bone injury. Metastasis was the most 
common malignant diagnosis for both occult and visible lesions. 
Nonetheless, leukemia/lymphoma was a more common diagno-
sis for occult than visible lesions, consistent with leukemia/lym-

phoma being a medullary process with potentially limited or no 
cortical involvement.

Red marrow was more common among occult than visible be-
nign lesions and represented the most common benign diagno-
sis for occult lesions. Red marrow is not expected to cause corti-
cal changes and is commonly visualized by MRI and PET/CT. We 
cannot entirely exclude the possibility that lesions with a final di-
agnosis of red marrow or a comparable benign entity (e.g., reac-
tive marrow, stress fracture, or osteomyelitis) instead represented 
sampling error in the context of a missed malignancy. However, 
in the case of red marrow, when the initial CNB was nondiagnos-
tic, a final diagnosis was only established after documenting at 
least 12 months of stability on follow-up imaging (in the absence 
of a decrease in size or resolution).

A known history of malignancy was more common for occult 
than for visible lesions. This difference may relate to all occult 
lesions having been detected by MRI and/or PET/CT before the 
CNB, with PET/CT being a widely performed test in the evalua-
tion of patients with known malignancy. The known malignan-
cy history would have increased the clinical suspicion for an os-
seous metastasis and likely influenced the decision to perform 
CNB despite the lack of a visible lesion. Moreover, occult lesions 
had a significantly higher frequency of a final malignant diagno-
sis when detected by PET/CT than by MRI, corresponding to the 
widespread use of PET/CT in oncologic patients.

Occult lesions accounted for only 6.8% of all CT-guided CNBs. 
However, given growing indications for the use of MRI and PET/
CT in oncologic patients, requests for biopsy of occult lesions 
will likely increase [35–39]. Knowledge of the DY for CNB of oc-
cult lesions, as well as the most common benign and malignant 
final diagnoses after CNB of occult lesions, can help triage bi-
opsy requests and guide expectations for the radiologist, refer-
ring provider, and patient. For instance, biopsies of occult le-
sions more commonly were associated with a final diagnosis of 
red marrow than were biopsies of visible lesions. If not already 
available, an in- and opposed-phase MRI sequence of the oc-
cult lesion could be acquired to assess for intralesional fat and 
potentially avoid an unnecessary biopsy. Insight into common 
benign diagnoses of occult lesions (e.g., red marrow, stress frac-
ture, and osteomyelitis) may also help guide management de-
cisions if the patient has symptoms consistent with such diag-
noses. Finally, occult lesions are more likely to be malignant in 
patients with a known history of malignancy; thus, a repeat bi-
opsy or close follow-up should be considered when CNB of an 
occult lesion is nondiagnostic in such patients.

Limitations of this study warrant mention. First, this study was 
retrospective. A prospective study would be challenging to per-
form given the infrequency of occult lesions and the requirement 
for long-term follow-up to establish final diagnoses for lesions 
that are nondiagnostic on CNB. Second, the study was performed 
at one institution. Institutional patient populations and referral 
patterns are expected to impact the results. For instance, the DY 
would likely be higher in institutions performing CNB primarily 
in patients with known malignancy. Third, we did not evaluate 
CNB of bone lesions in children or of spinal lesions, as the muscu-
loskeletal radiology division at our institution does not routinely 
perform such procedures. It is unclear how inclusion of such bi-
opsies would affect the observed malignancy rate and DY. One 
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study showed relatively low DY for spinal biopsies, though a dif-
ferent study showed relatively high DY [11, 20]. Finally, the 1033 
biopsies were performed by 18 different radiologists over a 17-
year study period, and variability in biopsy technique could af-
fect DY. However, all operators were fellowship trained, and at 
least three core samples were obtained from each lesion.

In conclusion, CT-guided CNB of nonspinal bone lesions that 
are occult on CT, in comparison with CT-guided CNB of those that 
are visible on CT, is associated with a significantly lower malig-
nancy rate; significantly lower DY; and significantly lower sensi-
tivity, specificity, and accuracy for malignancy. Diagnoses that 
were more common in occult than in visible lesions included leu-
kemia/lymphoma and red marrow. Nonetheless, metastasis was 
the most common malignant diagnosis for both occult and visi-
ble lesions. Occult lesions were more likely malignant when de-
tected by only PET/CT than by only MRI. Understanding these 
characteristics can help guide expectations by radiologists, re-
ferring providers, and patients when requesting and performing 
CT-guided CNB of occult bone lesions.
Provenance and review: Not solicited; externally peer reviewed.
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Editorial Comment: Visible and Occult Bone Lesions—Are They Really Different?

Radiologists are experienced and comfortable in performing 
skeletal biopsy, which is almost exclusively performed using CT 
guidance. However, biopsy of lesions that have been identified by 
MRI or by nuclear medicine studies, such as PET/CT, but that are 
occult on CT is a regular occurrence, completed through careful 
matching of target anatomy on CT to that on images showing the 
lesion [1]. Although newer biopsy methods such as MRI or PET/CT 
guidance may improve accuracy in obtaining tissue for both visi-
ble and occult lesions [2, 3], the dilemma remains of inconclusive or 
negative biopsy results and the interpretation of such information. 
The authors of this study address the problem of the occult bone 
lesion by examining the initial and final diagnoses in 70 occult le-
sions from a series of 1033 CT-guided nonaxial skeletal biopsies. 
Although diagnostic yield was only 37.1% among occult lesions, 
image review showed that all biopsies accurately targeted lesions. 
The real usefulness of this work therefore lies in the final diagnostic 
results gained through long-term follow-up.

Overall, occult lesions were significantly more likely to be be-
nign than were visible lesions. Metastasis was the dominant ma-
lignant diagnosis among both visible and occult lesions. Among 
occult lesions, leukemia/lymphoma was also common, repre-
senting approximately a third of malignant diagnoses. Red or re-
active marrow accounted for approximately 60% of benign oc-
cult lesions, compared with 20% of benign visible lesions; for 
occult lesions, diagnosis of these marrow changes required ad-
ditional follow-up after the initial core needle biopsy in all cases.

Given ongoing increases in PET/CT and whole-body MRI use, 
occult bone lesions will be increasingly detected. CT-guided bi-
opsy of these nonvisible lesions can be accurate and diagnostic. 
Knowledge of the frequencies of pathologic diagnoses can aid 
prebiopsy planning and guide multidisciplinary discussions re-
garding possible outcomes.
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